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THE ROAD/ READERS

THE 34008 SERIES SURFACE
MOISTURE DENSITY GAUGES

FROM TROXLER




DENSITY TEST MODES

BACKSCATTER

DIRECT TRANSMISSION




—T
BACKSCATTER DENSITY
Precision at 120 PCF
Composition Error at 120 PCF
Surtace Error ( 05, 100% void)
Expeciad Total Error
Depth of Measurement (98%)

DIRECT TRANSMISSION DENSITY
Precision at 120 PCF 6 Depth
Composition Error at 120 PCF
Surface Error ( 05 100% void)
Expected Total Error

Depth of Measurement

MOISTURE CONTENT
Precision at 15 PCF

Surtace Error (.05, 100% void)
Expected Total Error

Depth of Measurement at 15 PCF

RADIOLOGICAL SPECIFICATIONS

Gamma Source

Neutron Source

25MIN 1 MIN 4 MIP

1.04 52 26 *+PCF
25 2.9 Z5 +PCF
40 40 40 PCF
39 34 3.3 =PCF
40 40 40 inches

48 24 12 +=PCF
14 14 14 *+=PCF
09 09 09 PCF
18 16 1.5 +PCF
2-8 2-8 2-8 inches

64 32 16 +PCF
1.1 1.1 13 PCF
1.5 a0 70 *PCF
70 70 7.0 inches

8 mCi cesium-137

(Troxler Drawing #A-102112)
40 mCi americium 241 be
70.000 neutrons/se.ond

(Troxier Drawing #A-102451)
Source Encapsuiation Stainless steel doubly encapsulated
Shielding Tungsten and lead
Surface Dose Rates 15 mrem/hr maximum.
neutron and gamma
Shipping Case DOT 7A. Yellow I! Label.
0.1 Transport Index
MECHANICAL SPECIFICATIONS
Case Epoxy finish aluminum casting
Vibration Test O 1inchesat 12 5Hz
Drop Test on 1" Steel Ball 12 inch height
Operating Temp
Ambient -10°Cto 70°C
Surface 175°C
Size 14 5x9x 7 2 inches
(excluding handles) (36.3x225x18cm)
Total Height 19.5inches (49cm)
Weight 36 pounds (16 4 Kgm)
Shipping Weight with ABS case 85 pounds (38 6 Kgm)

ELECTRICAL SPECIFICATIONS

Timer Accuracy + 005%

and Stability * 0002%/°C

Readout

(direct sunhght

viewing LCD) 4 digits

Number of Count  2-Model 34018/

Registers 4-Mode: 3411B

Stored Power 40 watt-hours

Power

Consumption 0 12 watts

Recharge Time 16 hours

Charger input 110/220 VAC
50-60 Hz or
12-14VDC

ACCESSORIES

ACCESSORIES SUPPLIED WITH

GAUGE

Scraper plate/drill rod guide

Dnili rod

110/220V. 50-60 Hz charger

Heavy-duty cardboard shipping
container with insert

Reference Standard
Manual
Calibration table

OPTIONAL ACCESSORIES
Metric calibration

12 inch (30 ¢cm) depth

1inch (2 5¢cm) increments

High impact plastic ABS transport case
3400 Series tool kit

Mode! 3880 leak test kit
Molykote lubricant, spray & paste
2 amp buss type GMW fuse
Radiological survey meter

Model 3940 Scaler Test Station
Model 3954 PROM Programmer
Model 3960 Microprocessor
Test Station

12-14 VDC charger
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key board. and display It is factory
programmed with calibration constants
to compute wet density. dry density.
maoisture, percent moisture. and percent
compaction Sesults may be displayed
ineither U.S. Customary or metric units

The micro computer automatically
corrects wet density readings for errors
caused by the high mass attenuation
coefficient of hydrogen found in the
measured material The true hydrogen
density is evaluated. prior to any correc-
tions for moisture content, and is used
to correct the wet density which signifi-
cantly improves the density accuracy
The Model 34118 also allows the insertion
of a K factor to correct for hydrogen in
the measured material which is not
contained as free water This moisture
correction factor is applied. after com-
parison of conventional and nuclear
moisture testdata, by means of moisture
correction switches located at the
bottom of the scaler module Plus or
minus corrections may be entered by
the operator The K factor automatically
adjusts for changes in dry density. This
IS necessary since the material causing
the error by moderation of fast neutrons
or absorption of thermal neutrons is
contained in the dry soil and 1s not a
part of the moisture content

CALIBRATION

The Troxler moisture and density
calibration technique is the unique
product of years of research and clevel-
opment. Only Troxler customers have
the advantage of this sophisticated and
accurate calibration method

DENSITY

Count rate data is accumulated on
five standard density blocks for the
determination of density versus count
rate computations and one standard
density block to verify calibration
accuracy Specific gravities of the three
metallic standard blocks are known to
an accuracy of 0.1%. and of the natural
material standards to 0 2%. A standard
deviation of less than = 15 PCF is
assured for all data points

Gauge response to density is by
computer evaluation of the arithmetic

function: Count Ratio=A-EXP( —-B-d)

-C: where d=density and A B & C are
constants determined on magnesium
and aluminum standard blocks, and a
combination magnesium and alumi-
num standard block. These constants
obtained on the metallic standards
determine the general shape of the
calibration curve Data is then taken on
the limestone and granite standardsand
the values for the constant B are com-
puted for these natural materials The
average of these two B values will
produce a density calibrat'on suitable
tor normal soils A calibration validity
check 1s then periormed on a low den-
sity standard. In order to eliminate long-
term effects of source decay and elec-
tronic drift. all data is normalized to a
reference standard and expressed as a
ratio The calibration constants are
stored in non-volatile memory in the
Model 34118

Gauge parameters of precision

composition error, surface roughness
error, and the root-mean-square sum
of errors are determined for each

auge to predict probable field error

omputer caiibration printouts are
furnished for each density test mode
and depth from 70 PCF to 170 PCF in
12PCF increments Metric calibrations
are available upon request

MOISTURE

Two moisture calibration standards
magnesium. which represents zero
moisture. and a permanent moisture
standard which is 36 PCF moisture. are
used for the 34008 moisture calibration
Count rate data is normalized to a
moisture standard count to eliminate
the effect of long-term electronic drift
in the instrument. These count ratios
are then used to solve the equation
Count Ratio=E + FxM: where
E=gauge response at zero moisture
content, F =slope of the moisture curve
and M=moisture content. In the Model
3411B.the moisture calibration constants
are stored in a non-vo'atile memory

The moisture performance para-

meters of precision, surface roughness,

and the expected field error are deter-
mined for each gauge. Computer
maoisture calibration printouts are
provided for a range of 0 PCF to 40 PCF
in va PCF increments

SPECIAL ROOF MO!STURE
APPLICATION

The 34008 Series can be used to
evaluate the degree of water migration
within layers of a built-up flat roof Aten
by ten foot grid is laid out on the roof
and non-destructive nuclear moisture
counts are taken at grid intersections
A frequency histogram is next plotted
of all the data points and used to identify
wet and dry areas A typical bimodal
histogram i1s shown below

T,

With this type of distribution. the 95%
confioence limits can be established for
anormal distribution. Core samples
aretakeninareacwhich indicate definite
wet conditions to determine the amount
of moisture present. Once the wet
threshold has been determineq. a
gridded roof drawing can be prepared
and used to map the roof for repairs

LICENSING INFORMATION
The radioactive sources are by-

product materials and do require a
special license which is issued by an

agreement state or by the Nuclear
Regulatory Commission Troxler will
assist the customer in obtaining and
completing the proper license appli-
cation. Required radiological safety
training courses are held periodically
inthe home office and in Troxler branch
offices A nominal fee is charged Field
training may also be arranged for a fee
covering the instructor's time and
applicable expenses
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MOISTURE
The moisture measurement is non-
destructive with the neutron source and
detector both located on the surface of
thetest material A field of fast neutrons
enters the material and thermalization
-occurs after a series of collisions
 between the neutrons and hydrogen
atoms present in the test material The
“helium-3 detector, located in the gauge.
detects the thermal neutrons
Itis suggested that factory moisture
calibration data be compared to oven
dry methods and adjustments be made.
if necessary The Mode! 3411B has a
“built-in provision to allow the insertion
of a correction factor for hydrogen
which is not contained in the free water
removed during standard oven drying
procedures. This correction factor
automatically agjusts for changes in the
|dry density of the soil which contains
the moderator or neutron absorber
The ASTM Standard D-3017-78
“Standard Tes: Method For Moisture
Content Of Soil And Soil-Aggregate In
Place By Nuclear Methcds (Shallow
Depth) is the current approved stand-
ard. The 3400B Series instruction man-
ual details the procedure for obtaining
‘moisture correction factors

STRUCTURE

~ The 3400B Series instruments are
housedinapermanent-mold aluminum
casting which is heat treated and an
nealed to provide a rugged struciure
which is immune to physical damage
xcept for major accidents. There are
0 openings from the bottom surface
0 the interior which would allowground
water or soil to enter the instrument Al

pside openings are gasketed to main-
ain a clean environment. The instru-
nt can sustain repeated drops from
ve iInches (30 cm.) on a one-inch
2v2cm.) steel ball placed on the un-
yielding surface without damage or
iteration of calibration. The exterior of
he housing is either anodized or coated
th epoxy paint

The source rod 1s manufactured
rom stainless steel, hardened to 45-55
ockwell C to reduce wear and insure

oper indexing of the measurement
B;ometry The source rod is positioned
n stainless steel linear bearings The
ndexing mechanism is made from 4130

l

steel hardened to 45 Rockwell C so that
any wear i1s produced on parts which
are easily replaced

Allinterior parts are either anodized
aluminum or stainless steel to prevent
corrosion

The instrument contains two sealed
sources — an eight millicurie glass-bead
sourceof cesium-137 to providegamma
radiation for the density measurement
and a forty millicurie americium-241
beryllium source yielding seventy
thousand neutrons ner second for the
maisture determination. Both sources
are doubly encapsulated in stainless
steel and fusion welded

All biological shielding is construc-
ted of tungsten having a specific gravity
of eighteen a high gamma attenuation
coefficient and a melting point of over
3.000°C While more expensive than
lead. tungsten insures permanent pro-
tection since it does not cold flow nor
melt under conditions likely to be im-
posed on the instrument by fira

Radiation levels on any surface of
the instrument are less than fifteen
millirem-per-hour. including both gam-
ma and neutron. The dose rate at four
inches (10 cm ) from any surface of the
gauge are less than five millirern per
hour Packed initstransport or shipping
rase. theinstrument meets allapplicable
requirements of the Department of
Transportation under 7A designation

The 34008 Series operates on two
nickel-cadmium battery packs with a
capacity of 40 watt hours A 34008
Series gauge can operate for approxi-
mately eight weeks on a fuil charge
Under normal conditions and using
recommended charging procedures
the battery packs should never need
replacing Recharge may be made over-
night by use of a 110/220 voit 50-60 Hz
charger or by means of a DC charger
plugged into a cigarette lighter using 12
volit vehicle power

DETECTORS

Two high temperature platinum
lined Geiger-Muelier detectors are used
for density determinations. Platinum
greatly increases the efficiency and life
of these detectors which are manufac-
tured to rigid Troxler specifications
Years of research and nuclear gauging
experence have contributed to the de-
sign of these highly efficient detectors

One helium-3 detector i1s used for
the moisture measurement This detec-
tor 1s specifically designed for use in
the Troxler 34008 Series This helium-3
detector is totally insensitive to gamma
radiation below one Mev This insures
no interaction from the cesium-137
gamma source

ELECTRONIC

All 34008 electronic assemblies are
packaged in modules which allow 100%
field repiacernent by uniskified personnel
No adjustments or plateau procedures
are required to obtain stable operation
ofthe detectors. High voltage and count-
Ing thresholds are stable to within
+ 01%/°C Allcomponents are selected
to iInsure operation over an ambient
temperature range of -10°C to 70°C
Allefectronic circuits utiize CMOS large-
scale integrated circuits for increased
reliability. reciuced complexity and
longer battery life

Three iming periods have been
included which allow measurements to
be made in either fifteen seconds. one
minute. or four minutes. Timing periods
are separated by statistical factors of
two The four digit liquid crystal display
indicates readings which are one minute
rates regardless of the timing period
selected Bright sunlight enhances the
readabiiity of the liquid crystal display
and shading s never required Notations
are included to indicate a low battery
condition and that the instrument is in
the process of accumulating data

Mode! 34118 referenre standard
counts for both moisture and density
are stored in accumulators and can be
addressed and read at any time The
accumulator contains boththe moisture
and density measurement counts in
addition to the standard counts and any
one of the four may be addressed and
displayed as desired

The 3411B micro computer has 3
user activated test routines which will
verify proper operation of panel switches



